Water losses on the potable water distribution networks represent an important issue; on the one hand, water loss does not bring money and on the other hand, they modify water flow and pressure distribution on the entire system and this can lead to a cut-off of the water supply. A stringent monitoring of the water distribution network reduces considerably the water losses. The appearance of a leakage inside the distribution network is inevitable in time. But very important is its location and repair time -that are recommended to be as short as possible. The present paper analyses the hydraulic parameters of the water flow inside a supply pipe of a looped network that provides potable water for an entire neighbourhood. The main goals are to optimize these parameters, to reduce water losses by rigorous monitoring and control of the service pressure on the supply pipe and to create a balance between pressure and water flow. The presented method is valid for any type of distribution network, but the obtained values refer strictly to the analysed potable water distribution looped network.
INTRODUCTION
Potable water distribution networks involve a great volume of multidisciplinary knowledge in all stages: design, execution and service. Moreover, every stage requires a special and significant attention of the hydraulic analysis and operation. Therefore, the hydraulic dimensioning of the looped network is the most important task in the design stage, while network water losses control, management and understanding are the most significant during the service time.
Water resource availability is the main issue on the international agenda. Potable water resources are in continuous decrease on both national and global level; furthermore, the real risk of pollution is increasing every day. Because of these, it is mandatory to elaborate and implement a water losses control system in all water distribution networks.
Network water losses prediction, control and/or reduction represent another "black box" in developing countries like Romania as in countries with a well-developed infrastructure and good operating practices.
The easiest way to verify and determine the existence of water losses in a potable water distribution network is to compare the values of the water flows measured in different points of interest of the network by means of water meters. These differences on water flow can have multiple causes: (i) an old infrastructure prone to accidents or cracks, (ii) the use of water meters with weak accuracy, (iii) human error in collecting, etc. Overall, the main goal is to realize a water balance on a section of the water network or on the entire potable water distribution network.
To achieve this water balance, a series of leakage performance indicators (EPA 2010) can be used to quantify and compare water losses from a distribution network. According to the United States Environmental Protection Agency, two important aspects are to be considered when establishing the real leakage performance indicators: Revenue Water (RW) and NonRevenue Water (NRW). While the RW consists of the billed metered and un-metered consumption, the NRW considers the total losses that appear or can appear in a transmission and distribution water system -unbilled authorized consumption, apparent losses and real losses. Practically, the NRW indicator represents the difference between the inlet and the outlet water flows.
A debate referring to the leakage performance indicators and the determination of a standard water balance still exists nowadays (Mckenzie, 2005, Farley and Trow, 2003) . Leaving aside the unbilled authorized consumption, the International Water Association considers that the NRW equals with the water loss that appear in the network:
Water loss = real losses + apparent losses
The apparent water losses are given by unauthorized consumption, human error in collecting data, meters inaccuracy, lack of flow meters in potable water distribution networks.
Real losses represent the physical losses that can appear in water storage systems (i.e. tanks overflows), in water distribution pipes, in pipe branches, respectively. In fact, the real losses are the water losses that can be physically determined between two measurement points as a result of leakage from pipes, joints and fittings. Considering the materials and data owned by the authors and all the aspects presented so far, the real losses and their reduction possibility represent the subject of the present paper.
Thus, the real losses are the same with the real water volume lost, which depends on the hydraulic parameters of the pipe network, the leak detection and the repair policy, as follows (Farley and Trow, 2003) :
• the pressure in network;
• the frequency and typical flow rates of new leaks and burst; • the proportions of new "reported" leaks;
• the "awareness" time (how quickly the loss is noticed);
• the "location" time (how quickly is located the new leak);
• the repair time (how quickly it is repaired or shut off); • the level of "background" leakage (undetectable small leaks).
The authors of this paper will present mainly the analysis of the hydraulic parameters together with the estimated repair time according to the water flow. The aim of the analysis is to optimize the operation of the entire potable water distribution network as regarding the overpressure protection of the water network (Gomes, 2011) and water real losses too, by offering viable solutions. These are possible with the help of the so called method -pressure management (that will be detailed further on this paper).
This study analyses the case of a looped distribution network that provide the potable water for an entire neighbourhood in a big city. The main advantage of the looped network is the continuous supply of the water toward the consumers from two directions. So, if a leakage appears somewhere in the network the consumers will not be affected (the leakage modifies only the distribution of water flows and pressure) (Georgescu, 2007) . This aspect cannot be stated for the water supply pipe; in this case a major problem occurs.
The leakage will have an important impact on both consumers: one of the water looped network and the others of the water downstream network; in other words, the leakage will affect the entire downstream water system. Moreover, the variation of the water flow parameters along a looped network is hard to control and its rigorous monitoring implies a significant financial effort; due to this reason, the present paper will consider only the monitoring of the water supply pipe of the looped network.
The intention is to use a simple and efficient water loss reduction method in water distribution networks. This method can also be defined as the practice of managing water system pressure to achieve optimum levels of service, ensuring sufficient and efficient water supply flows to consumers (Thornton, Lambert, 2005) .
MATERIALS AND METHOD

Experimental data
The case study from this paper presents the water pressure variation and the flow rate dependency. The entire study is based on data monitoring of a potable water supply system which implies a supply pipe and a loop network. The looped network is made off three different types of pipes materials -steel, cement-asbestos and polyethylene, series and parallel connected, with various lengths and diameters.
The real water losses determined from water balance (Mckenzie, Seago, 2005) According to figure 1, the main characteristics of the water supply pipe of the looped network are known: the steel pipe's length is 14 m and the diameter is of 300 mm, respectively. Because the pressure varies with the water flow, a flowmeter was mounted on the supply pipe to register all network incoming water volumes. For 2017, the situation is reversed. The maximum value of the incoming water volume is achieved in autumn, preciously in October when the minimum value was achieved for the last year. The minimum water volume is registered in winter, in February -but the value is still higher than the minimum one for 2016.
By comparing the water volumes and water losses from table 1, a significant and tight correspondence between them is developed. Thus, the two parameters are directly proportional: the maximum water real loss corresponds to the month when the maximum water volume registered, while the minimum water real loss value occurred in the same month as the minimum water volume encountered.
Relationship between the pressure drop and the flow rate in a pipeline
The total energy or the water load of a section (Lazar, Muste, 1993 ) is given by relation:
( 1) where : 
Because the water load is constant in a section, based on relation (3), the dependence between the pressure drop and the flow rate results. This means that when the minimum consumption is registered, the pressure will increase. Therefore, the maximum pressure will be determined with the help of the minimum flow rate, while the minimum pressure value is based on the maximum value of the water flow rate registered in the supply pipe. Namely, the pressure drop and flow rate are indirectly proportional. Hence, further analysis of the two hydraulic parameters will be presented considering the flow rates from March and October for 2016 and October and February for 2017, respectively (according to table 1).
An important aspect to be mentioned is the fluctuation of the water daily flow rate and due to this, the average values of the flow volumes from table 1 will be considered during the analysis.
Linear friction losses along the supply pipe
During the exploitation time, linear losses can appear along the supply pipe because of the friction between the pipe and water. Figure 2 emphasis the main supply pipe of the distribution looped network that delivers water for another two pipes oriented in two separate directions. Figure 2 . Characteristics of the main water supply pipe
The supply pipe presents two sections: section 1 which corresponds to the point where the flowmeter was mounted and section 2 -the final section of the supply pipe that coincide with the looped network junction (see also figure 1). Only the part of the supply pipe, between the two sections will be considered for the determination of the pressure drop.
The dependence of the two parameters -pressure and flow rateresults from Bernoulli equation applied for sections 1 and 2: 12 2 2 2 2 2
where z -geodesic level of the two nodes, [m] .
p -pressure in sections 1 and 2, [N/m 2 ]; V -average velocity in section 1 and 2, [m/s]. α1= α2=1 -Coriolis Coefficient; h12 -linear friction losses on the supply pipe 1-2, [m] , that is calculated with the following formula:
where λ is the Darcy friction factor, dimensionless, while L represents the 1-2 pipe length, L=14 m.
From the continuity equation:
in which the water flow Q = constant, the pipe diameter D is constant, too, results that the velocity V is also constant. This leads to a parity of the two velocities in sections 1 and 2 and by default to the reduction of the kinetic parameters in Bernoulli's equation. Therefore, relation (4) becomes:
In the hypothesis of a straight and horizontal supply pipe, z1=z2 and equation (7) The velocity values where determined with the next formula:
The Darcy friction factor λ was determined on pipe 1-2 according to the following steps:  the establishment of the flow regime according to Reynolds criteria:
where γ -kinematic viscosity of the fluid, [m 2 /s], ν = 1.31·10 -6 m 2 /s, the other parameters have been previously explained.
 the Darcy friction factor λ was calculated according to the flow regime type as follows: While the water flow rates are being known due to the existence of the flowmeter at the beginning of the supply pipe, the water pressures are not known and that is why, the calculation and the analysis are conducted on the hypothesis that the input pressure is 4.7 bar (47 mCA). The output pressure values are presented in tables 2 and 3 according to the methodology presented before.
The results from tables 2 and 3 emphasis a very small variation of the pressure in section 2 that equals to very small linear friction losses along the supply pipe. In consequence, a constant supply pressure p1 leads to an approximate constant pressure along the supply pipe of the looped network. 
Water loss variation
Water losses exist in every potable water distribution network. But it is desired that these losses -apparent and real -to be as small as possible. Leaving aside the apparent losses, the paper will focus, as it did until now, on the real water losses.
The amount of water losses depend on the system pressure regime; also, water losses influences and modifies the system pressure and flow. Probably a leakage will appear in the looped network especially at night when the flow registers the minimum value, while the pressure the maximum ones (according to relation (3)). This is a consequence of the higher pressure upon the pipes which are not at their maximum resistance during the exploitation time. The highest, frequent and repeated stresses caused by high pressure conduct to the weakening of the pipes wall and implicit, to the appearance of leakages. When the leakage occurs in the pipe wall, the pressure sharply drops.
Leakage pressure value depends on several factors: (i) the dimension and shape of the hole from the pipe wall, (ii) the diameter and the thickness of the pipe, (iii) the pipe material, (iv) the optimum pressure and flow. The entire leakage phenomenon is very complex, reason why mathematical modelling is difficult; in most cases, the leakage pressure is experimentally determined.
The variation of the leakage parameters can be studied only by supposing a leakage on the supply pipe (otherwise, on the looped network is too complex).
The water loss will be calculated by applying the relation of the flow through holes (van Zyl, 2014 , Lambert, 2000 and it is referring only to the real losses that are an important part of the Non Revenue Water:
where: Cd -coefficient of discharge Cd, Cd =0. (Nourhan, 2017) . The exponent value is influenced by the hole shape, thickness of the pipe wall, its elastic ratio and flow regime (De Paola and Giugni, 2012) . The value of N1=0.5 for rigid pipe walls and turbulent flow recommended by (Thornton, Lambert, 2005) , (Gomes, 2013 ) is adopted in this case study, too.
By using relation (14), water losses were calculated in l/h for different hole diameter values on the supply pipe wall (d) and hole pressure values, respectively. The results are presented in table 4. The obtained water losses were further verified with the formula given by (Tabesh, 2009 ): Cd -coefficient of discharge Cd, Cd =0.8; a -hole surface, a=(π·d 2 )/4, [cm 2 ]; Ph -pressure, atm. The water losses values calculated with relation (14) and verified with equation (15) were identically. Therefore, their values are presented once, in table 4.
According to Karadirek (2012) and the physical phenomenon that occurs during a leakage on the water supply pipe of a looped network, the pressure system will drop dramatically. Unfortunately, no pressure gauge was mounted on the supply pipe of the looped network. The only pressure values that we have are the values measured closed to the beginning of the supply pipe. This is the reason why the registered values of 4.0 bar (40 mCA) and 4.7 bar (47 mCA), respectively, are those considered to be the lowest and the highest input pressure values at the water supply pipe (in section 1). The pressure drop between the place where the pressure gauge was mounted and section 1 of the supply pipe registered a value of 0.3 bar (3 mCA). From all these aspects mentioned above, it results a maximum supply pressure of 5.0 bar (50 mCA).
Normally, the pressure of the supply pipe of the looped network should vary between 4.0 and 5.0 bar. But in the case of a leakage, depending on the hole parameters, the awareness, location and the repair time, the pressure can drop significantly, even under the minimum value of 4.0 bar, value imposed by a good functioning of the consumers equipment.
A leakage on the supply pipe implies an important pressure drop on the system, under the value of 4.0 bar. Hence, considering the existence of a leakage on the water supply pipe to validate all data and methodology presented before, the service pressure is considered to drop from 3.9 (39 mCA) to 3.0 bar (30 mCA) (values encountered in table 4, too).
All these hypotheses have been made for the validation of the influence that the pressure drop has upon the water flow. Practically, the water loss decreases directly proportional with the supply pressure p1. For water loss reduction it is extremely important to have smallest supply pressure, but not to small to affect the consumers' pressure. This pressure control can be realized with the help of the pressure management method whose major benefit is to reduce leakage rate by controlling the service pressure on the supply pipe and on the looped network (Laneuville, 2015) .
Three scenarios for a leakage on the supply pipe are further presented to validate the above hypotheses in the following circumstances: a) the leakage will appear when the pressure meets its maximum value, between 3 and 4 am time when water flow is minimum; b) the "repair" time of the leakage will be around 5 to 24 hours; c) the hole diameter on the supply pipe wall is between 2-24 mm.
Water losses have been determined and then presented for each scenario. The values of the water losses obtained are indicated on the ordinate of the graphic, in m 3 .
Scenario 1:
Supply pipe pressure is 50 mCA and drops to a final pressure ph of 39 mCA because of the appearance of a leakage in the system. 
RESULTS AND DISCUSSION
Subsection 2.3 -the linear friction losses along the supply pipe -together with the values calculated according to the corresponding equations and then presented in tables 2 and 3, indicates that for a constant supply pressure p1, for a straight and horizontal supply pipe, the pressure can be considered almost constant along the pipe. This aspect is confirmed by the extreme small variation of the pressure of the supply pipe during an entire day. When maximum water flow is considered for the calculation of the hydraulic parameters of the supply pipe of the looped network, the pressure drops from 47 mCA (4.7 bar) in section 1 to a minimum of 46.9411 mCA (4.694 bar) in section 2 where the looped network junction is; that means a decrease of 0.2 % extremely insignificant in this situation. The pattern is identically in the case of the minimum flow. From 47 mCA (4.7 bar) in section 1 at the beginning of the supply pipe, pressure drops to a minimum value of 46.97136 mCA (4.697236 bar) in the junction section -a decrease with 0.06%.
No matter what type of water flow is considered -minimum or maximum -nor the year -2016 or 2017 -tables 2 and 3 emphasis the indirect proportionality between the final pressure p2 in the junction section of the supply pipe with the distribution looped network and all the analysed hydraulic parameters -velocity, Reynolds criteria, Darcy friction factor. The maximum pressure p2 corresponds to the minimum values of the hydraulic parameters, while the minimum pressure (with red colour) coincide with the maximum values of the analysed parameters (blue coloured).
Overall, as discussed so far in this paper, the pressure drop in the supply pipe is influenced by the water flow, water consumption and water losses (real losses) in the case of a leakage on the water supply pipe or on the looped network. Table 4 from subsection 2.4 shows the impact that the leakage has it upon the supply pressure and water flows. The biggest the hole diameter on the supply pipe wall and supply pressure are, the biggest is the water loss during the leakage on the distribution system. Water real losses are significantly dependent on the supply pressure.
Another important factor that cannot be omitted is the "repair" time; it can last from 5 to 24 hours. All the three scenarios previously presented shows that the real water loss grows once with the "repair" time. To highlight this aspect, table 5 summarizes the water losses registered on the supply pipe in the first 5 hours of leakage, for different hole diameters. Of course, in practice, the pressure is not constant during a leakage and it depends on the supply pressure and the dimension of the leakage (hole diameter). The difference P -Ph will be smaller for reduced values of the supply pressure comparing to high values of the supply pressure.
The main goal is to reduce the water loss during a leakage. A solution is to turn to the minimum pressure criteria MPC. This assumes to decrease the supply pressure during the night to the minimum night flow value MNF, but with attention to the minimum supply pressure that cannot be under 4.0 bar (40 mCA), the minimum request by the consumers.
The reduction of the supply pressure during night can be solved in a easy way by starting to implement the pressure management method; in other words, by deployment in the system of a pressure reducing valve PRV after the water flowmeter.
Therefore, a pressure reducing valve is recommended to be added in the network together with an automation and control system able to adjust the pressure according to the water flow, both giving the consumers' needed pressure in the potable water distribution looped network and avoiding the appearance of leakages. A scheme for managing the supply pressure in the network is proposed by the authors in figure 6. After mounting the PRV, a progressive decrease of the supply pressure is assessed along with consumers' pressure monitoring; thus, the optimum supply pressure in ratio with water flow will be determined for a better service of the potable water distribution looped network.
CONCLUSIONS
Water losses depends on the supply pressure of the potable water distribution looped network and because of this reason, pressure management represents a viable solution with positive impact on the reduction of the real water losses that are part of the NRW (as it results from figures 3, 4, 5 and table 5). In the same time, the pressure management method is a safety measure to prevent the overpressure in the system.
The decrease of the supply pressure to the consumers' minimum value will also have a positive impact over the entire potable water distribution looped network.
In conclusion, pressure management is one of the fundamentals of a good and well-organized management and monitoring of the potable water distribution networks to reduce the NonRevenue Water percentage as regards water real losses. Multiple advantages results:  Decrease of water loss;  Better reliability;  Continuous water supply and reduction of leakages on the distribution looped network;  Reduction of the pressure fluctuations that leads to a more balanced pressure service on the entire system;  Extension of pipes and equipment's life.
